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We propose a framework, where the hierarchy between the unification and the Fermi scale
emerges radiatively. This work tackles the long-standing question about the connection be-
tween the low Fermi scale and a more fundamental scale of Nature. As a concrete example,
we study a Pati–Salam-type unification of Elementary-Goldstone-Higgs scenario, where the
Standard Model scalar sector is replaced by an SU(4)-symmetric one, and the observed Higgs
particle is an elementary pseudo-Goldstone boson. We construct a concrete model where the
unification scale is fixed to a phenomenologically viable value, while the Fermi scale is gener-
ated radiatively. This scenario provides an interesting link between the unification and Fermi
scale physics, and opens up prospects for exploring a wide variety of open problems in particle
physics, ranging from neutrinos to cosmic inflation.
1 Introduction
One of the long-standing paradigms beyond the Standard Model (SM) is the unification of (some
of) the SM interactions. The minimal unification of strong and electroweak (EW) interactions
was proposed by Georgi and Glashow 1 originally into unified SU(5) gauge group. Such con-
structions predict gauge-mediated proton decay, and the current lower bound on the proton
lifetime 2, τ > 1034 y, sets a lower bound on the unification scale to & 1015 GeV.
An alternative framework was proposed by Pati and Salam 3 to unify quarks and leptons by
promoting the lepton number to the fourth colour. In this scenario, the proton does not decay
via gauge interactions, but spin-one leptoquarks mediate KL → µ±e∓. Stringent experimental
limits on these decays lead to a lower bound M > 1.5 · 106 GeV on the leptoquark masses 4
translating into the lower bound on the Pati–Salam unification scale ΛPS & 1.9 · 106 GeV.
In either framework, this implies a large hierarchy between the Fermi scale, vw = 246 GeV,
and the unification scale. These symmetry breakings are typically modelled via ad-hoc scalar
sectors, and there is no symmetry reason to prohibit the portal interactions between these two
sectors. However, unless the portal coupling is highly suppressed compared to the SM Higgs
self-coupling, the symmetry breaking at the unification scale would induce a large mass for the
SM Higgs already at the tree level.
Therefore, one common scale for the full scalar sector, with the Fermi scale emerging radia-
tively, would be an appealing alternative. We show that such a scenario can arise when the Higgs
is an elementary pseudo-Goldstone boson (pGB) related to an enhanced global symmetry 5.
2 Vacuum misalignment and emergent Fermi scale
In the presence of enhanced global symmetries, there is a possibility of misalignment between
the EW gauge group and the stability group related to the spontaneous global symmetry break-
ing, and the preferred alignment between these subgroups is determined dynamically by the
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quantum effects. This was first noticed in the context of technicolour by Peskin 6 and Preskill 7:
They discovered that EW gauge sector prefers to be unbroken, thereby trying to destabilise the
technicolour vacuum. Later, it was noticed that in the technicolour models, the corrections from
the SM-fermion sector, most notably the top quark, instead prefer the technicolour vacuum 8,9.
Recently, this discussion was extended to models with elementary scalars 10.
In general, the true vacuum is a linear combination of the EW preserving vacuum, E0,
and the one that fully breaks the EW symmetry to electromagnetism, EB. It is convenient to
parameterise the misalignment of the EW subgroup and the stability group, H, by an angle, θ,
and write the vacuum as
Eθ = cos θE0 + sin θEB. (1)
The angle, θ, is a priori a free parameter of the model, but will be determined by radiative
corrections. For θ = 0, the EW symmetry remains unbroken and for θ = pi/2 the EW symmetry
directly breaks to U(1)Q. The amount of the breaking of the EW subgroup then depends on the
alignment, and the Fermi scale is given by vw = v sin θ. In particular, if the vacuum aligns to a
non-zero but small value of the angle, θ  1, the Fermi scale is much smaller than the actual
symmetry breaking scale, v.
2.1 The SU(4)→ Sp(4) breaking pattern
The SU(4)/Sp(4) model with elementary scalars has been studied in both non-supersymmetric5,11
and supersymmetric frameworks 12. The breaking pattern is obtained by a scalar transforming
in the six-dimensional antisymmetric representation of SU(4), and can be conveniently param-
eterised as
M = (
σ
2
+ i
√
2ΠaXa)E, (2)
where Xa are the broken generators with respect to vacuum E, and Πa the corresponding
Goldstone bosons (GBs). The global SU(4) breaks spontaneously to Sp(4) when σ acquires a
vev, v, i.e. 〈M〉 = v2E.
We embed SU(2)L × SU(2)R into SU(4) by identifying the generators
T iL =
1
2
(
σi 0
0 0
)
, and T iR =
1
2
(
0 0
0 −σTi
)
, (3)
where σi are the Pauli matrices. The generator of the hypercharge is then identified with the
third generator of the SU(2)R group, TY = T
3
R. Then, as discussed above, the misalignment
between the EW group and the stability group, Sp(4), can be parameterised by and angle θ,
once we identify the EW preserving and breaking vacua, E0 and EB, resp.:
E0 =
(
iσ2 0
0 −iσ2
)
, EB =
(
0 1
−1 0
)
. (4)
The specific value of θ is determined dynamically once the EW and top-quark quantum
corrections are taken into account. The one-loop potential in the MS scheme is given by
δV =
1
64pi2
Str
[
M4(Φ)
(
log
M2(Φ)
µ20
− C
)]
, (5)
where M(Φ) is the tree-level mass matrix in the Φ background. The supertrace Str, is defined
by Str =
∑
scalars−2
∑
fermions +3
∑
vectors, and C = 3/2 for scalars and fermions, while C = 5/6
for the gauge bosons.
These corrections favour small values of the angle 5,11, and consequently the Fermi scale,
vw = v sin θ, lies well below the spontaneous symmetry breaking scale v. Furthermore, the
radiative corrections provide a mass for the pGB Higgs via the Coleman–Weinberg mechanism.
3 Connecting EWSB and unification in a minimal Pati–Salam framework
We introduced the minimal framework connecting the vacuum misalignment and unification
utilising the global symmetry breaking pattern SU(4)→ Sp(4) in the Pati–Salam framework 13.
The full symmetry group is then G = SU(4)LC×SU(4)χ, where the subscript LC refers to lepto-
colour, and the EW gauge group is embedded as a subgroup of the global SU(4)χ. As described
above, the scalar, M , transfroming as (1, 6A) under G, breaks the EW group, and the minimal
extension to incorporate the breaking of the leptocolour group to SU(3)c × U(1)B−L amounts
to adding another scalar multiplet, P = paT
a, transforming in the adjoint representation under
the leptocolour group, i.e. P ∼ (15, 1).
The most general renormalisable scalar potential including these scalar multiplets then reads
V =
1
2
m2MTr[M
†M ] +m2PTr[P
2] +
λM
4
Tr[M †M ]2 + λP1Tr[P 2]2
+ λP2Tr[P
4] +
λMP
2
Tr[M †M ]Tr[P 2],
(6)
and the desired breaking pattern occurs as the scalars acquire vevs 〈M〉 = v02 E, and 〈P 〉 = b0T 15.
On the level of the tree-level scalar potential, the alignment between the EW subgroup
and the stability group, Sp(4), is left undetermined. To find the value of the misalignment
angle, we need to minimize the full one-loop effective potential, as described in the Sec. 2. We
emphasize that the quantum effects dynamically generate the specific value of θ at the minimum.
In particular, the small value of θ results from the top-Yukawa interaction and the EW gauge
sector that break the global symmetry explicitly. Furthermore, fixing the correct Higgs mass is
an important constrain to the parameter space.
We fix the renormalization scale by requiring that the vev v = 〈σ〉 is given by the tree-level
value v0, while the one for 〈p15〉 = b is determined by minimising the full one-loop potential
along with the dynamical value of θ. Three states, Π4, σ and p15, have the same quantum
numbers as Higgs, and therefore they mix. The constraints from the Higgs phenomenology were
investigated previously 5,11, and it was shown that the elementary-Goldstone-Higgs paradigm
reproduces the phenomenological success of the SM. The same analysis applies here.
In the numerical analysis we explore the parameter space by assuming an experimentally
viable value for the leptocolour breaking scale, b = 2.5 · 106 GeV. We demonstrate that a
small value of θ is preferred, and therefore the observed Higgs is mostly the pGB Π4 with a
tiny component of σ. The resulting values of the global symmetry breaking scale, v, and the
distribution of quartic couplings are shown in Fig. 1.
We find that the preferred values of v are roughly of the order of b, and this feature is
reflected also in the Lagrangian mass parameters. To produce the correct Fermi scale this
implies that tiny values of the angle θ are favoured. Furthermore, the values of the quartic
couplings are overall very small, and in particular there is no large hierarchy between them.
This feature of tiny quartic couplings originates from the relation between the couplings of the
scalar potential and the vacuum angle θ given by the minimisation conditions. In the limit of
equal self-couplings, and v = b, this relation is given by λ ∼ sin2 θ. Furthermore, the mass of
the lightest scalar, i.e. the pGB Higgs, is in particular sensitive to the coupling λMP , explaining
the restricted values as shown in Fig. 1.
4 Conclusions
We have shown that the desired hierarchy between the EW and unification scales can be gen-
erated dynamically by radiative corrections in models with enhanced global symmetries and a
pGB Higgs boson. We presented a minimal scenario utilising SU(4) → Sp(4) breaking pattern
in the Pati–Salam framework. We find that a near alignment between the EW subgroup and
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Figure 1 – Left panel: Distribution of values of v with b = 2.5 · 106 GeV. Right panel: Distribution of the
quartic scalar couplings of 1000 viable scanned points with b = 2.5 · 106 GeV.
the stability group is preferred resulting in global symmetry breaking scale near the leptocolour
breaking scale. Furthermore, in this scenario all the scalar self-couplings are generally very
small.
The presented scenario provides an interesting connection between the unification and the
Fermi scale, and can be extended in various directions to incorporate e.g. dark matter, neutrino
masses and mixings, or cosmic inflation.
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